Excretion of renin into urine was studied using specific assay methods in normal subjects and hospital patients. Urinary renin output and renal clearance of renin varied widely among normal subjects but remained similar over months in any one subject. Renin clearance was significantly less in normal males (range 12 to 893 ml/24 hours) than females (79 to 3,149 ml/24 hours), but no reason for this was established.
• An improved method for the estimation of renin in human urine (1) has shown that this enzyme occurs in low concentrations in urine from normal man. In spite of this, the renal handling of renin is of considerable interest since Leyssac (2) has implicated the reninangiotensin system as a regulator of proximal tubular sodium transport. In addition, the experiments of Tobian and Nason (3) support the possibility that endogenous renin increases the renin excretion of protein during sodium depletion and postural change. To gain information relevant to these concepts and also to understand further the origin and diagnostic potential of renin in urine, we have studied urinary renin output and associated plasma levels in a variety of normal and abnormal situations.
Methods
Experiments were performed in 19 normal males, 8 normal females, and 19 hospital patients. Unless otherwise stated, subjects were requested to pursue their normal pattern of daily activity and no deliberate control was exercised over dietary sodium or fluid intake. Blood samples for estimation of plasma renin were collected from an antecubital vein with the subject in the sitting position. Heparin, 20 units/ml, was used as anticoagulant.
To detect any diurnal variation, renin excretion was determined over 12-hour collection f periods between 9 AM and 9 PM. Renin clearance was determined over 24-hour periods with a blood sample taken at 11 AM or 4 PM as indicated in the text. Voided urine was stored at 4°C during these collection periods.
Urine and plasma renin levels were estimated before and during treatment of 7 normal males with spironolactone (Aldactone, Searle), 50 mg twice daily for 12 *4a, 5a, and 6a are repeats on subjects 4, 5, and 6, respectively. Repeats were averaged in calculating group means. PRC = plasma renin concentration. Correlation coefficients, renin excretion : PRC (rr=-0.17) n.s., renin excretion : sodium excretion (r = 0.33) n.s. Dohme), 0.5 g daily during the last 5 days of spironolactone therapy. In this study blood samples were taken at 11 AM, and urine was collected over the previous 24-hour period.
Renin and renin substrate in urine were assayed quantitatively by the method of Lumbers and Skinner (1) , and plasma renin concentration was determined by the method of Skinner (4) . Plasma renin concentration and urinary renin are expressed in the same units (1, 4) .
Sodium was estimated by flame photometry, creatinine and serum protein by the Technicon Autoanalyser 1 , and total protein excretion by a modification of the Lowry method (5) using the Folin-Ciocalteu reagent with bovine serum albumin as standard. In urinary protein estimations, in order to avoid errors due to reactive groups in amino-acids and peptides, urine samples were dialyzed in 18/32 Visking Casings against running tap water and then against saline for a total of 48 hours. This dialysis 1 Methodology N-llb, Ardsley, N. Y., Technicon, 1965. was performed at atmospheric pressure, and loss of protein was therefore avoided (6, 7) . Albumin clearance was estimated by immunoassay using the Soothill modification (8) of the Ouchterlony technique. Qualitative determination of protein in urine was estimated using Albustix (Ames) and graded as negative to + + + + by color matching with the Albustix chart. Student's t-test was used in probability testing. A logarithmic transform was used in probability testing on differences between male and female renin excretion and renin clearance. Table 1 shows that the 24-hour excretion rate of renin in 19 normal males ranges widely from 162 to 7500 units (mean 1196). Despite the wide variation in output between individuals, repeat estimations on 6 subjects after intervals of weeks or months showed far less variation in renin output (Fig. 1) 2) was significantly higher than males (0.002 <P<0.01). Table 1 shows values of plasma renin concentration, renin clearance, and the 24-hour excretion rates of renin and sodium for normal males. Blood collections were at 4 PM (subjects 5 through 15) and 11 AM (subjects 16 through 19). There was no significant correlation between renin excretion and plasma renin concentration (r = -0.17) or between renin and sodium excretions (r = 0.33).
Results

NORMAL RENIN OUTPUT
RENAL CLEARANCE OF RENIN
The mean renal clearance of renin in 16 normal males ( (Table 2) , it was significantly higher; mean value, 950 ml/24 hours (0.002 < P<0.01). Assuming a mean normal creatinine clearance of 180 liters/24 hours, renin clearance in males was only 0.077% that of creatinine.
The influence of plasma levels of renin on renin excretion was investigated during the progressive increase in plasma renin concentration induced in 7 normal males by natriuretic therapy. Figure 2 shows the renin data as percentage change of control, and Table 3 displays the individual results expressed as absolute values and the mean percentage change from control. On day 7 of therapy a rise in circulating renin to 2.5 times control levels was not associated with any change in renin output into urine, but by the end of therapy an increase in plasma renin concentration of 4.7 times control (P<0.001) was associated with a rise in renin excretion that was 1.9 times control level (P = 0.05). Byday 12 of the natriuretic therapy, 24-hour clearance of renin had fallen markedly to 43% of the control level (P<0.002), while total protein clearance fell only slightly to 85% of control (P = 0.05), and creatinine clearance did not change.
No relationship was apparent between renin clearance and protein clearance in normal people (control data, Table 3 ), a finding emphasized by the data from subjects 4 and 5 in whom control clearances of renin differed greatly at 453 and 46 ml/24 hours, while albumin clearances were similar at 0.095 and 0.102 ml/24 hours, as was total protein
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No. clearance at 10.6 and 20 2 ml/24 hours. Renin clearance was not related to creatinine clearance either between or within individuals during sodium depletion.
Total protein excretion did not change during natriuretic therapy in spite of the elevation in circulating renin levels (Fig. 3) . The slight fall in protein clearance (Table 3) was due to a rise in plasma protein seen in all subjects, presumably consequent upon reduced extracellular fluid volume.
DIURNAL VARIATION
Renin excretion measured over 12 hours of the day and night did not vary significantly in 15 normal male subjects (Fig. 4, left panel) . The wide variations in renin output among individuals with much less variation within the one individual is again apparent from these data.
The anticipated nocturnal decrease in urinary sodium output (9) occurred in ten out of twelve subjects (Fig. 4 , middle panel, F < 0.05). Urine volume did not change significantly (Fig. 4, right panel) . No relationship was apparent between the variations in renin and sodium excretion. To detect any occult relationship, the results were expressed as day-night ratios of renin and sodium excretion within individuals. Again, no significant correlation was observed, nor was there any significant correlation between the day-night ratios of urine volume and renin output. A significant negative correlation was obtained, however, within individuals between day-night ratios of renin concentration in urine and the ratio of the volume voided (Fig. 5, r = -0.53, P<0 .05). Such a finding would be expected for any substance, the excretion of which is independent of urine volume. Table 4 shows the data from 17 patients suffering from a variety of pathological conditions. In five of eight severe hypertensives, renin excretion was within normal limits. Patients 7 and 8, both suffering from malignant hypertension, displayed the highest levels of renin excretion and plasma renin levels yet encountered. Both of these patients excreted a gross excess of protein but in neither was renin clearance outside the normal limits. Patient 7 had a normal left kidney and a stenosis of the right renal artery of such severity that the right kidney was anuric. Right nephrectomy caused blood pressure and 
URINARY RENIN IN DISEASE
FIGURE 4
Day (D) and night (N) excretion of renin, sodium, and water in 15 normal males. Numbers refer to individual subjects. 
2.5
Relationship between the day-night ratio of renin concentration and urinary volume using data in Figure 4 .
renin levels to return to normal, suggesting that the increased urinary excretion resulted from filtration of renin produced by the "ischemic" kidney through the normal left kidney.
In four other patients (3, 10, 14, and 15), renin excretion was above the normal range for males, and in three of these patients plasma renin was also elevated.
Although in normal subjects independence of renin and protein clearance was observed, it was anticipated that in patients with heavy proteinuria there would be a concomitant increase in urinary renin excretion and clearance. However, this was only the case when plasma renin was also elevated. Thus, patients 6, 11, 12, 13, and 16 had normal renin excretions in spite of heavy proteinuria, while patients 3, 7, 8, 14 and 15 with elevated plasma levels displayed renin excretion above the limits of normal for their sex. Patient 17 was the only exception to this pattern. In this patient heavy proteinuria and elevated plasma renin were not associated with excess renin output.
RENIN SUBSTRATE IN URINE
The urine of three patients displaying heavy proteinuria was tested for renin substrate by methods previously described (1) . In only one
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Misericordia Division Library 54th and Cedar Avenue 695 Philadelphia, Pennsylvania was substrate detected, and the concentration of 0.15 /xg/ml was only 14% that found in normal plasma (4).
Discussion
In drawing conclusions about the renal handling of a substance it is necessary to establish that quantitative measurements of the substance can be made in both plasma and urine and to consider possible contribution to • . . the urinary excretion of a substance from the • lower urinary tract. In the present investigation the methods of renin assay were those described by Lumbers and Skinner (1) and Skinner (4) which established that the enzymes in the two fluids were the same and provided values of sufficient accuracy for the present purposes. There is no evidence in the literature to support the possibility of a contribution to urinary renin excretion from the lower urinary tract. In a preliminary study (Lumbers, unpublished) renin output was determined in urine collected over a 1-hour period from catheters passed to the renal pelvis of one male and one female patient with normal renal function. Values of 180 and 117 units/24 hours, respectively, were obtained. The latter value is lower than normal range, but little significance can be attached to this as the patients were elderly and anesthetized, and a comparison with young, conscious, active subjects is probably not justified. It seems reasonable at the present time to assume that the kidney is the major source of renin in urine.
An unexpectedly wide range of renin excretion was revealed among normal people, and no immediate basis for this variation could be established. Wide individual differences in renin output could not be correlated with differences in glomerular filtration rate or plasma renin levels and bore no relationship to protein, sodium, or water output.
In normal males the clearance of renin averaged only 0.077% that of creatinine and varied in a manner that was not related to total protein clearance. An error in renin clearance is incurred by assaying only one plasma sample during the 24-hour collection since some diurnal fluctuation has been reported (10) , but this can in no way explain the extreme individual differences in clearance seen here, since the time of plasma collection was standard in all subjects and differences in plasma levels were compared to the variations in renin excretion.
The striking fall in renin clearance observed during deliberate elevation of plasma renin by sodium depletion was not consequent upon a fall in glomerular filtration rate nor did protein clearance show the same degree of suppression. Such a finding indicates that the clearance of renin does not depend upon filtration alone and that an increased proportion of renin must be removed from the filtrate by tubular reabsorption during sodium depletion. Alternatively, it is possible that tubular secretion is the main source of urinary renin and that this secretion remains relatively constant in the face of increasing circulating levels. Our evidence does not exclude a contribution of renin from the macula densa, but since the clearance of renin is very low and falls even further during sodium depletion, it seems more likely that renin is filtered and subjected to variable reabsorption.
Hardwicke and Squire (11) postulated on the basis of clearance rates of plasma proteins in proteinuria that protein reabsorption was nonselective. Their data, however, applies to proteins of molecular weights greater than albumin. Recent studies by Harrison and Blainey (12) on low molecular weight proteins (15,000 and 20,000) indicate that in heavy proteinuria there is not a consistent elevation in clearance and excretion rates of low molecular weight proteins. This finding indicates that the tubular reabsorption of low molecular weight proteins is different from that of proteins of molecular weight greater than that of albumin.
The lack of association between renin excretion and protein excretion in patients with heavy proteinuria suggests that the tubular reabsorption of protein of molecular weight of about 42,000 (13 and 14) is similar to that of low molecular weight protein. This finding is substantiated by the data of Blainey and Northam (15') that the clearance of amylase (molecular weight 45,000) also remains normal in the presence of heavy proteinuria.
However, comparison of clearance rates of renin, amylase (15), and pepsinogen (16) suggests that reabsorption of these enzymes is not dependent upon molecular weight alone. Their molecular weights are respectively 42,300 (14) , 45,000 (15), and 42,500 (16) , yet the clearances are 0.077%, 3%, and 30% of creatinine clearance. Such a wide variation in clearance of enzymes of similar molecular weight is unlikely to be due to filtration differences alone or to small differences in molecular weight affecting tubular reabsorption and may indicate that renin is selectively reabsorbed. The present findings suggest, therefore, that a filtration-selective reabsorption system is operating. However, complete understanding of the renal handling of renin will only come from studies on tubular fluid.
The marked sex difference in urinary renin output is unexplained. It could be due to differences in tubular reabsorption or to more effective filtration of a renin molecule of different size, shape, or charge derived from uterus (17, 18) or some other extrarenal site in the female.
An examination of urinary renin levels in disease states indicated that no diagnostic application is likely for this estimation. With the exception of cases with grossly elevated plasma renin and proteinuria, the range of normal excretion was at least as great as that seen in disease. At the outset of this study it was hoped that differential renin estimation on urine from each ureter might be of value in the diagnosis of unilateral renal disease. Apart from cases with proteinuria and grossly elevated plasma renin levels, the lack of direct dependence of urinary renin excretion upon the secretion rate from the kidney into blood and the lack of direct evidence for renin secretion by the macula densa eliminates the basis which, at first, promised a diagnostic application.
Injection of renin into experimental animals is known to provoke proteinuria (19) (20) (21) , and the work of Tobian and Nason (3) consistent with the idea that increased protein excretion seen during sodium depletion in the rat is due to elevated circulating renin levels. These authors also suggested that orthostatic proteinuria in man might be explained on the same basis. Our study in man does not substantiate this possibility. Firstly, there was no relationship between the level of plasma renin and total protein clearance or excretion in normal subjects, and secondly, a striking rise in plasma renin induced by sodium depletion was actually associated with a small fall in protein clearance without change in protein excretion. The possibility that extremely high levels of plasma renin might induce proteinuria in man cannot be excluded, but it seems unlikely that small fluctuations in renin levels due to postural changes could be causally related to increased protein excretion in upright posture (22) .
